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ABSTBACT 

The developaent of learning theory and its 
application to coapater^aasisted instraction (CAI) are described. 
Aaong the early theoretical constructs thought to be iaportant are E. 
L. Thorndikeis concept of learning connect isas. Meal Hiller's theory 
of activation, and B. P. Skinner's theory of operant conditioning* 
Early devices incorporating those concepts included testing aachines 
and aids developed by Pressey and Peterson in the 192(r*s and 1930 's, 
and acre recently by Skinner. The concept of optiaization in learning 
systeas is considered. A distinction is drawn between short'-tera and 
long*tera optiaization — the foraer having to do with the best 
p.'ocedures for learning a saall, discrete itea (e.g. how to spell a 
single word) , whereas the latter deals with overall learning 
strategies. Different approaches to the derivation of optiauas are 
discussed. Finally, it is noted that auch of the work to date on CAI 
has been based upon the thinking of behavlorlsts independent of 
researchers in cognitive learning fields. A closer working 
relationship between these discipline orientations is called for now. 
(OCC) 
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QptiBlslng Coapoter Assisted Instruetim 
^r Appljrlng Principles of Learnii« Theory 



Cr» Fifteen years ago the use of eoa^paters as instructional de- 

QQ Ylces vas only an idea that vas being considered Ijy a handAill of 
Q scientists and educators. Today the idea has heeoae a reality. Co«- 
f—\ pnter-assisted instruction has undergone an anazingly rapid develofMent 
^ (AtUnson and Wilson, I969). 

The purpose of this paper is to trace the develjiaent of learning 

theoay application to the area of computer-assisted Instruction (CAl). 

Kot only will the historical derelopMnt of the theoretical foundations 

of CAI be discussed, hut the popular history and the early experlMntal 

research vlll also be presented. 

The Theoretical Foundations (Learning Theory) of Coaputer 
Assisted Instruction 

Itedem enaples of teaching nachines, automated and cosher 

assisted instructional devices owe their theoretical roots to the 

beharlorlst tradition in psychology, generally, and specifically to 

the educational psychology of E.l. Thomdlke. In the Thordlklan theory 

of learning connectlonlsm the nost Influential constructs were the 

law of effect and the revised law of escerclse. The two constructs were 

to Influence the later acceptance of both reinforcement theory and 

the cybernetic concept of the feedback control system, respeetively. 

The lav of effect states that when a modifiable connection 

0( between a situation and a response is made and is accompanied or 

followed by a satisfying state of affairs, that connection's strength 

is increased; when made and acconipanied or followed by an annoying 
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state of affairs, its strength is decreased (Thomdike, 1913) • 

Thomdlke's later develqpnient of the law of exercise eapbazises 

the isportance of knorledge of results in learning. The sere repetition 

of 8-R emnectians does not f acilixate the leamirg of that cotmectlon 

when there is xx> ecmfinttation of the appropriateness of the response. 

Our question is whether the ^ere repetition of a 
situation in and of itself causes learning, and 
in particular whether the more freqnent connections 
tend, just becmse they are Arequenw, to wax in 
strength at the expense of the less fireqnent. Car 
answer is no. . . ordinarily we reward certair; of the 
connecticms leading tram it and punish others hy 
calling the responses to iriiich th^ respectively 
lead right or wrong, or hy otherwise favoring or 
tbrarting thea (Thorndike, 1932)- 

Thus Thorndike was to establish the theoretical f o«mdations 
for a learning theory which was later to be adopted in soae general 
foiB or another hy the advocates and derelopers of antoBsted and 
conputer assisted Instmetion. The influence of these general principles 
would not only support the concept of auto-instructional devices, hut 
as far as coBpoter assisted instructicm is coneexned, it shaped the 
design of the synflwlic progrsaaing languages constructed just for 
CAI. 

Moving along -Uie historical survey of relevant theorists 
ore encounters Heal Miller (19'n) vl» added another diaension to the 
stinulus-response revard continuum: aotivation. First, the student 
oust want something (motivation); secondly, there must be a cue, the 
student must notice something (stimulus); thirdly, the student must 
do something (response); and fourthly, the student must get some- " 
thing he wants (rei»ard). It must be admitted at the outset that 
there are some very subtle and sometimes profound differences between 
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•am of the theorists I have nentioned. In fact the Thozndiklaa notion 
of "satisfyine state of affairs** ^ and Skinner's ccmcept of 'reinforce- 
■ent* are all highly discrlalnable tnm a pore learning theory point 
of riev. Hovever^ since the main interest of this paper is concerned 
vith their affect upon the technology of pedagogy (CAl)^ it is not 
necessary to discriadnate aaong thai. 

The sore recent develofMents in ccsqnter-assisted instmcticoal 
derices hare been west significantly affected by the vritings of 
B.F. Skinner. In 1938 he presented his distinctions betveen Fttrlovlan 
acJL operant conditioning. In his ovn vords "^Ihe lav of (operant) 
conditioning... is... if the occurrence of an operant is followed by 
presentation of a reinforcing stimlos^ the strengtti is Increased" 
(Skinner^ 1938). Skinner's analysis of instruction assnes that 
aotivation mst be present^ that the student mat make a response^ 
and that this respcmse needs to be "reinforced". The increased 
specificity of Skinner's suggestions center around the principle of 
stlflulus control^ or the ways in which reinfcrcesent say be nsed to 
establish both aore precise and more elaborate learning by aani- 
pulation of the stinnli iqpringing iq>on the learner. Modem de« 
TdoGpsients in coaputer assisted instruction had been grounded in 
Skinner's operant conditioning theory of learning. The rnin la- 
petos for the adoption of this nodel of learning has been the ex«- 
tensive experlaentation with laboratory animals and the conpilation 
of a large body of enpirical data which support the theory of operant 
conditioning or what may be called reinf orceaent theory. 

Operant conditioning is defined as a type of learning whereby 
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the arganla unmet aa active ud pMrtldpatlre role in the 
learning situatior. Operant conditioning ia so arranged that 
the organia win not receire aqjr reinforeeMnt, remrd, release 
pnnisbiirnt, or escape £rca iiqirisoaKnt until the organisn 
•iiits the correct response. Tbe reinforceiMnt, therefore, is 
contlgeD^c upon the prior cecurrenee of the ritftt response. 
(Skinner, 1938). 

The two aain constructs which penaeate all leaniii« tasks 
are the o>per«it response and reinforcaaent. The operant re- 
sponse is inatrunental in obtaining the reinforced because 
relnforcowit is prodded only when the appropriate response 
la eidtted hy the subject. 

When this theory is appUed to actual pedagogical situations, 
the leaftdng task ia brdcen down into ninute stlwlns-response 
Iwod*. A question or problem is presented to the learner to 
vMch he is expected to give the iq^aropriate answer. If the 
•nwer is correct, it is reinforced with so^ BiaUmeat or signal 
of approval and the next question or problen Is presented. 

A great deal of the rationale for accepting an operant 
conditioning paradigm as a nodel for faoaan learning has been 
the accuBOation of a wealth of scientific data which has been 
derived trcn learning experlnents with intedmsan sttb^ects. A 
«&stantial ainunt of lnfor«ition is known about the aaount, 
•pe«d, latency, and extinction of leaned responses. Likewise, 
a siAstantial aaount of data has been eo^>iled with respect to 



ERIC 



5 



5 



extiaetion, generalization, and discrimination in leamii« as veil 
as the effects of rarylng conditions of notlration and caotion on 
tke learning process* 

Tlie use of aniaals in the accisnlaxiai of scientific data on 
lesming is not vithout dne rationale. The utilization of subjects 
iriiose genetic, enrirooBental, social, and nutritive history can be 
controlled and, ir need be, systenatically Taried,yields an ex- 
periaental purity vfaich cannot be pai^Oleled on a tannan lerel. 

In the reals of human experimentation, the attempt to achieve 
a similar parity in experimental design has resulted in the ex- 
tensive use of paired-associate paradlgps and nonsense syllables. 
Ihe use of experimental controls has been exploited beautiftUy. 
Also, mach of what is admiced about the efficacy of feedback, 
knowledge of results, reinforcosent, and the like has been pro- 
molagated tram hnmm experimentation vith non-verbal learning ta sks 
such as maze learning and line dnoriog. 
The Rationale for CAI 

It has been proposed that it vonld be advantageous to leamins: 
and retention to require the student to respond to questions or 
problems by some overt act— writing, ^ing, pressing a button, 
speaking, pressing a key. Likeirlse, the student is provided with 
an iamediate feedback to detend^ whether or not the given response 
was correct. It is proposed that such a process of overt responding, 
feedback, and reinforcement for correct responses would result in 
maintaining the alertness and manipulatory activity of the student and 
produce a thorough understanding of each question and answer set before 
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to the «xt oo.. *n at the c«plrt .1th th. rtort-ft-e 
to f^mut. th. lMtr«U<»»l of th. .*K»tto«l 

Tnrther Th«r~itt<!<Ll apUotloM 
tt. adoption of th. Sld»«rl« theory of op«r«* l««l«g. .peclfioajy. 
«^ the U-orporatloh of . ..o.b-«lorlrt orlentatt-, «^ 
,1th the. theoretl^U attitude. to««Ui the «t«re of ma^ grorth «.d 
«rt.lrt«ct«.. For «»iipl., .U l««l»g t«k. were coMldered «rl- 
.Uo» »P« . tmlver^lle^m* P.»al«.. that 1.. h-« l««.l-e f 
.U t„«. 1. «*1«1, «.ocl.tlTe p«c...- . <P«tlt.«T. c-plUtlon. 
„r»4l*cod.,rtth«Urt.rr.t.anet«o*. Th. l»dl»M«.l'. -utol rtr«t<« 
1. the rrflectlon of »riT«-.-t.l l»tr».loM hi. -n^ 

^ Poi^i.T Hlrtorr of r^mitCT ««> <'t«a inrtractloii 

^ the *eoretlcU hlrtorr «. fo-ae4 In the hd»rlorlrt taWitlon 
g,,..^. and in Thomdlklm con.«=tloni-. ««clH<»ll, 
„, of eff«t «.d the 1«. Of «ercl»). th. pop-l- hlt«y of cc,«t«r 
„.lrt.d inrtr^.- founded In the pejch-etrlc tradition, g««r.lly. 

in th. need fW efflcl«.t of .didnlrterlng, worlng. Pr- 

iding feedh^k ft- pwchologlcl te.t., n«clfl«aa,. It .l«ht 1.0 
t. i^ed that th. psrcho-etrlc -nr—nt In thl. country «« al-o 
do«l, InftaencM hy Thomdlte vho «de «ch rtat-«nt, ""hate^er 
«drt. at aU «cl.t in .<-e «o»Pt. To too. It thoroughJ, ln«.lve. 
taK^lng It. .pumtlty a. «eU a. It. quaUty- (Ihomdlke. 193a). 

flrrt introduction of mectamlcal d^rlce. 1. attrlhuted to S.l. 
Pre...y (19:7). Pre...y. -chine. v«e Introduced for the purpo.. of 
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test adiBinistratio© and scoring. They vere antcmtic testing devices 
vtalch looked pretty nich like the learning drwi apparatuses In tmder* 
graduate cxperljatntal psychology laboratories* The nachlnes later 
becase Bore attractive In order to Increase their Instructive potential. 

J.C. Peterson (1931) Introduced another font of antonated testing 
tools in the fom of chemically treated answer sheets which provided 
self scoring and lisiedlate feedback changing color when narked by 
the student. 

In the nlddle and late fifties ^ Skinner Introduced his aachlnes 
which vere slallar In concept to Pressey's nachlnes; however. Skinner *8 
nachlnes allowed a Uttle nore flexibility In the presentation and 
path followed through the naterlals. 

After Skinner Introduced his devices and concepts and tock sone- 
what of an active role in the pronotlon and narketlng of these devices, 
there was a flurry of activity to develop bigger and better teaching 
nachlnes. There was an Increased sophistication In the learning tasks 
to which the nachlnes were adapted. Probably the best exanples of 
sophisticated teaching nachlnes were not to be found In the classroom 
of Anerlcan schools, but In the training schools of the United States 
amed forces. 

To sum iq> this brief discussion of the popular nlstory of CAI, 
one immediately notes that Skinner was the principal proponent of 
this technologically oriented^ pedagogical technique. 

Seme recent CAI projects which have utilized principles of 
learning In their f emulations will be discussed next. 

Atkinson (1967) during a workshop conference 00 "Computers 
and Education** at the University of California discussed the properties 
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of C(Mputer based Instruction. One of the advantages that is alireys 
listed for ecnpttter^sed Instruction is the possibUity for Individualized 
Instruction. Educators today are realizing that develqpnents in society make 
it increasingly more iiq>ortant to individualize the instructional process, 
and that the only hope for individualization coms within the framework 
of cenpiiter-acslsted instruction. Purthermore, Individualizing the in- 
strucUonal process is considered the optimal way of carrying out In- 
struction, that is, school learning. 

Atkinson distinguished hetweer two concepts of optlmaUty. One 
was what he called shori-texm optimization and xhe other, long tezm 
optimization. Most CAI programs have tried to use the notion of shor| 
tern optimization. That is, these programs take advantage of current 
information and then try to branch or modify the instruction routine 
as a function of that short term Information. Far example, the program 
analyzes the type of response the subject makes; if it is an error 
respcmse, the program analyzes the nature of the error and tries to 
give remedial Instruction which is appropriate for that type of error. 

In long-texm optimization one utilizes the entire history of a 
given individual in order to make decisions about what should be done 
next. Atkinson clarifies history by qualifying it to** sufficient 
history". The history may be regarded as an estimate of the student's 
state of learning. One of the problems in CAI is utilizing the 
potential for long-term optimization and coming to some understanding 
of how one uses this history to define a sufficient history and 
optlmlie the learning process. 

In order to understand short and long term optimization, con- 
sider the Stanford CAI Project in reading (I966). The reading 



evrriealia for the CAI systea vas developed \j a vritlng team 
composed of tiro psychologists, a llngalst, tvo reading specialists 
aqd several teachers. The materials produced the group have 
been developed vithin the ft^mevork of a set of theoretical pro- 
positions based on recent developments in psycho-linguistics and 
learning theory. 

The reading curriculiui incorporates a vide array of 
scr^>ening and sequencing proced ur es designed to optimize learning. 
These op^'ai.zation schemes can be classified into either short- 
term or long-term procedures. 

As an exaaqple of a short-term optimization procedure, 
let*s look at one that folloirs directly from a learning theoretic 
analysis of the reading task involved. Suppose the child has to 
learn a list of V words. In essence, the problem involves a 
series of discrete trials vhere on each trail the vord being 
taught is presented with tvo other words. The student makes a 
response from among these words and the trial is terminated >y 
telling him the correct answer. If H trials are allocated for 
this instruction, how should they be used to maximize the amount 
of learning'' If it is assumed that the learning process for this 
task involves the one-element model of stimulus sampliug theory 
(Estes, 1939)9 then the optimal strategy is initiated by presenting 
the ^'m'* itans in any order on the firrt N trials and a continuation 
of this strategy is optimal if and only if it comforms to the 
folloving rules: 

1« For every item, set the count at 0 
at the beginning of trial 1H1«. 

10 
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2. Aretent an itm at a given trial if and 
onlx if Iti count is leaat aaong the 
eounta for all items at the beginning of 
the trail. 

3. FolUjiring a trial, increase the count for 
the presented itea hgr 1 if the response was 
correct but set it at 0 if the response vas 
Incorrect. 

In sosw cases these optlalzation aehcMS ca i be derired 
directly trcm learning theoxy, vhereas others are not tied to 
theoretical considerations but are based on intintive con- 
siderations. The long-tem pptiidsation procedures of Atkinson's 
reading currlculiM are consirtent with the latter considerations, 
and therefore they will not be discussed here. 

SnaUwood (l970) describes a technique that involved a 
very snail aaount of computation time for iBplementing truly 
optiMl decision policies in a coqgnter-^irected teaching system. 

These results are applicable to a very large elass of 
models for human learning. In designing decision logic or 
branching logli into a CAI system, one can take into account 
the anrallable past history of the student in aame meanli«ful 
way in order to influence the ftiture course of the student's 
Instruetlrai. In other words the coaqputers role as a decision 
maker, selecting alternative items to create an optimal path- 
way for individuaUzed learning, is a demanding part of Stellwood's 
proposed optimization procedures. SteUwood derives fonulas 
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bated on aathenatic&l learning iiodels (Atklcton, et al, 1967) and the 
tvo-fltate all-or^ncme learning nodel (Groen and AtUnBon, 1966). He 
uses transition probabilities and response probabilities which are uni- 
quely associated vith the studect^s internal states of knowledge and vith 
the particular alternatives for presentation. 

The sequence of events in SMllvood's fonulation is tfausly: 
1« Sone Instructional materials are presented 

to the student; 
2. After or during the presentation, a test 

is administered; 
3* The student responds at his ovn rate; 
k. The coaptxter evaluates the response, 
provides feedback, and performs the 
decisiouHBaklng act. xlie outccne of 
the decision is the selection of the 
next item or Instructional alternative. 
Steallvood's proposal to use learning aodels along vith the des« 
cription of past histories in terns of the internal states of the learner 
secMS to be a useful nMhod of optlnizing learning throufi^ CAI. 

Fislnaa et al (1969) were Interested in finding the optlnoi pro- 
cedures for distributing instructional naterial in covputer-based 
spelling drills. The preponderance of experlnental evidence indicated 
that, for the sane amount of practice, learning is better vhen practice is 
distributed rather than nas*^. The authors were atteapting to investi- 
gate the validity of the above axiom. They found that the nassed 
condition is superior to the distributed condition if one looks at 
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;8taOTt-term performance^ but in the long run more learning 
occurs when repetitions of an iton are veil distributed. 

The data of the learning of the spelling vords in this 
experinent cen be analyzed in terms of a uodel that has been 
proposed to account for paired : 3 learning , since there 
are variables in paired-associate learning that clearly are re- 
levant to the spelling task. The model is a vcuriation of the 
trial-dependent-forgetting model presented in articles by Atkinson 
and Crothers (I96U) and Calfee and Atkinson (1965). 

In this model the subject is assumed to be in one of three 
learning states with respect to a stimulus item: (a) scate U 
is an unleaxned siate, in which the subject responds at random 
from the set of response alternatives , (b) state S is a short- 
term memory state^ and (c) state L is a long-term state. The 
8u(b;$ect will always give a correct response to an item if it 
is in either state S or state L; however, it is possible for 
an item in state S to be forgotten, that is, to return to state 
U, whereas once an item moves to state L. it is learned in the 
sense that it will remain in state L for the remainder of the 
experiment. (Fishman et al, I969). 

In this model, forgetting involves a return from the 
short-term memory state S, to the state U, and the probability 
of this return is postulated to be a function of the time in- 
terval between successive presentations of an item» 

Two types of events are assumed to produce transitions 
• ftrcm one state to another: (a) the occurrence of a reinforcement, 
that is^the paired presentation of the stimulus item together 
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vlth the correct response ^ and (b) the occurrence of a time 
Interv^al between successive presentations of a particular Item. 

The authors suggest that there Is a need to generalize 
the palred-assoclate model to take account of the linguistic 
constraints Imposed Iry the CAI spelling task. Such a model 
would provide a more definitive answer to the problem of optimizing 
the Instructional sequence in spelling drills. * 

A Developmental Approach Toward Optimizing CAI 

In the pasty the theoretical and enpirical work in computer 
assisted instruction has been the sole property of the behaviorists. 
The cognitivistSy the advocates of a mental growth approach to 
psychological theoiy^ have contented themselves with supplying 
verbal chastisements tnm the sidelines. The result is that there has 
been no serious attempt to relate developmental principles of cognitive 
growth to the pedagogical development of computer assisted instruction. 
The task here is then to briefly suggest how the developmental con- 
cepts of cognitive structure might influence educational practice 
in the utilization of computer assisted Instruction. (Ausubel, 1968)« 

Advocates of computer assisted instruction have neglected 
relevant developmental factors in the learning process. All types 
of learning 9 In all situations , for all age levels are viewed as 
variation? upon a universal theme. However, general developmental 
theories, such as those proposed by Piaget (1936) and D.P. Ausubel 
(1968), have pointed up important developmental variations in the 
areas of perception, objectivity-subjectivity^ the structure of 
ideas, and the nature of the thinking process itself. 
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The advocates of computer assisted Instsructlon have 
▼eiy loudly proclaimed the advantages of Ifluedlate feedback 
(Skiimer, I96l),the necessity of making an overt demonstahle 
response to the stimulus event , the partlcularlzatlon of S-R 
1>oiids9 and the direct tangible experience the learner has with the 
learning materials (Suppes, 1966)* This may very veil he necessary 
and advantageous for learners who are not developnentally advanced. 
Bat^ if ve are to extrapolate trm the development theorists » ve 
must acknowledge the fact that as age increases the world is per- 
ceived more in general , abstract , and categorical texms and less 
in tangible^ time-hound^ and particularized contexts (Plaget^ 
19^)* niere is an increase in the ability to comprehend and 
manipulate abstract verbal syinbols and relationships vithout the 
benefit of direct ^ tangible experience , concrete imagery ^ and 
enqpirical experience with particularized Instances of a concept. 
So it seems that the promotion of CAI in its present form for all 
learners of all age levels is more of a regression to earlier modes 
of conceptualization 9 thinking , and perceiving the world. 
Cognitive Structure and the Concept of Progressive Differentiation 

The typical practice of curriculum specialists who program 
the learning materials for CAI is to organize the learning materials 
into topically homogeneous units (chapters and subchapters (Ausubel, 
1968). The resulting organization, as D.P. Ausubel observ^es, is 
acccnpllshed vithout regard to the hierarchical relatedness of 
those units on an abstract level. Thus each unit is treated as 
if it enjoys an equivalent status vlthln the learner *s cognitive 
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structure. But, this follows directly fjrom the behavlorlsts 
view of mental structure— an Interrelated associative network. 

A cognitivist's view of mental structure , however , first 
subscribes to the orthogenetic principle , that mental growth 
proceeds from an amorphous , unidifferentiated, globality to a 
more highly integrated and particularized hierarcl^ through a 
process of progressive differentiation (Ausubel, 19^) • The 
learner's organization of the material of a given subject consists 
of a hierarchic stinicture in which the most Inclusive concepts 
occupy a position at the apex of the structure and progressively 
organize the more highly differentiated ideas and particularized 
data (Ausoibel, 1968). This view is inconsistent with the 
normal practice in the prograBning of learning materials for 
CAT which actually promotes a rote learning approach to memorizing 
formulas 9 procedural steps » type problems » and the mechanical 
manipulation of symbols. 
Prospects for CAI 

The highly complex logistical task of assessing the 
Individual learner's current performance , attained develop- 
mental levels presently available concepts , differential 
aptitudes and abilities » and cognitive style is rendered 
more manageable with the assistance of CAI« Acknowledging 
individual differences in attained developmental levels ^ following 
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foUowlng a cognitivlst theory of the structure of thought, 
•ad applying developoiental concepts to the microgenesis of 
verbal abilities, CAI can facilitate the pinpointing of the 
individxial learner's level of mastery and gear the subsequent 
curriculum accordingly. As a result, when these learning 
principles, especially those of the cognitive-developmental 
theorists, are applied to CAI, this technological, pedagoclal 
technique will indeed become a more potent instructional device. 
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